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OTTER BROOK DAM AND RESERVOIR
OTTER BROOK
CONNECTICUT RIVER BASIN
VEW HAMPSHIRE

A, PERTINENT DATA

Purpose Flood Control

Lgca.'bion of Dam

State _ New Hampshire

County Cheshire

City and Town Keane and Roxbury

River Otter Brook, 2,4 miles above

its confluence with The Branch,
13s9 miles above the Ashuelot
River and 3l.l miles from the
Connectiout River

Distance from Keene East northeast 2.4 airline miles

Drainage Areas

Otter Brook at Gaging Station 42,3 sgemi,
Otter Brook at Dam site Ly ®ow
Otter Brook at The Bramch Shes "7
The Branch at the Ashuslot R, 100 o

. Ashuelot River at Conmecticut R, 21 "o

Stream Flow
Record of U.S.G.35. gaging station on Otter Brook Oct, 1923 to Sepb. 1953

Average Rates

C.FeS. Per

C.FeS, 8q Ml
Average Annual 71.0 1,67
Maximum year (1938) 110 2,60
Minimum year (1930) 39eli 0.9%
Meximun month (Merch, 1936) 0- ~ 10.4
Minimum month {Oct. 1949) 2.88 2068
Maximum day (Septe 21, 1938) , Lolo 9545
Minimum day (Septe 9, 10, 12, 30, 1953) 1e3 031



e

Maximum Floods of Record (Peaks exceeding 3,000 c.fess)

(Otter Brook at Gaging Station)

Septs 21, 1938
Mar, 18, 1936
Nov, 26 ;. 1950
Nove h, 1927
Apr. 12, 193

Spillway Design Flood Data

Peak inflow, full reservoir, c.f.s.
Total volume of rainfall, inches
Infiltration rate, inches per hour
Total wvolume of rumoff, acre-fset
Total volume of runoff, inches

© Duration of flood, days

Regervolr stage at start of flood, feet, MeSels
Gates

Reservoir

City and Town affected

6,130 c.f.S.
3,580

3,540 7
3,180 "
3,020 7

58,000

+8
0.067
53,150
21.2
b0
781.0
Closed, inoperative

Keene and Roxbury, H.H.

Net Storage

Type

Length, feet

Meximum height above stream bed, feet

Slopes of Embankment
Upstream, above elevation 683,

below elevation 683,

Dovwms tream

Elevations, mean sea leval datum
Top of dam
Streambed at downstream toe
Streambed at center line

Top width

Freebhoard above spillway design
Flood height

 Area in lnches of
Pool Eleve Aores Acro~Fast Runoff
Permanent Conservation 701 700 0.3
Flood Control 781 17,600 760
Maximum Surcharge 7971 bydy 6,500 2,6
Moximum Wave Fetch (at elev. T97.0) 1,67 miles
Dam,

Rolled fill, earth

25 feet
qu9 feeot



Outlet Works

Type = Conduit on rock foundation - Boston Horseshoe Section

Size = Gmfoot diameter
Length « portal to portal, feeb 589

Gates = Service

Type
Niumber and size
Elevation gate sills, m.s.le

Gates - Emergeney

Capacity of Outlets

Reservoir at spillway crest, c.fese
Reservoir at elevation 797.1, cefsse

Sgillwaz
Typo

Crest length

Elevetion of corest, meSaels

Maximum head, feet (from reservoir surfece)
Peslk dlscharge, cofeSe

Real Estate
Pes to be acquired, acres
Easemenits to be acquired, ascres

Total to be acquired, acres

Clagsification, acres

Improved Home Sites
Improved Commarcial
Woodland
Potential Camp Sites
Tillage

Total

Relocations

Concord Road (Route 9}, paved, miles
Branch Road, paved, miles

Route 9, 3 miles

Local Roads, paved, 3 miles

Local Roads, gravel, 3 miles

Power and Telephone, distribution, miles

Hydraulic slide
3L 16" x 216"

68340

None

1 Gate 2 Gates 3 Gates
BB

Uncontrolled, Oges weir

15 feet
T8L.0
16,1
344,500
L6l
152
513 .

Fee Bagoments
i2 -
10 -

349 152
ic -
g0 =

L6T 152

Existing  Proposed

1.2 -

1.6 -

* 29
Oalt none
o3 none
2y 1.6

* Route 9 replaces both Concord Road and Branch Road.

3

and chubte in reock
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Principel Quantities

Cormon excavation,{including stripping)

Borrow excavation

Rock sxcavation

Exmbenkment
Relled embanioment - impervious
Pervious {including filter materials)
Rock Fill

Conorete

Cement

Reinforcing Stesl

Structursl Steel

n, Estimated Project Costs (1956 Price Levels)

Project Featurs

Lands and dameges
Relosatiocns
Reservoir

Dam {including embankment, spillway

and outlet works)
Roads
Buildings, grounds and utilitles
Pomanent operating equipment
Engineering end design
Supervision and administration

Total estimated project cost

225,000
864,000
108,000

775,000
117,000
81,000
5,660
7,000
327,000
50,000

Cost

Co¥o
CoYe
CeYe

Cofe
Co¥e
Ce¥o
Caye
bbl,
1bs,
1bs,.

$ 234,000
492,000
37,000

3,253,000
30,000
94,000
50‘ 000

300,000

330,000
$ 4,800,000



CORPS OF ENGINEERS, U,S. ARMY
OFFICE OF THE DIVISION ENGINEER
NEW ENGLAND DIVISION
BOSTON 15, MASS.

FLOOD CONTROL FROJECT

OTTER BROOE DAM AND RESERVOIR
OITER BROOK
CONNECTICUT RIVER BASIN
- NEW HAMPSHIRE

DESIGN MEMORANDUM NO, 5

GENERAL DESIGH MEMORANDUM

30 June 1955
B. PROJECT AUTHORIZATION

1, Authority., - Construction of the Ofbter Brook Dem and Reservoir was authore
ized by the Flood Control Act approved 3 September 195l, as & unit of the plan for
contreol of floods in the Connecticut River Basim in lieu of any reseryoir or reser-
voirs previously authorized,

2s The Otber Brook Dem was also among the projects ineluded in the flood
conbrol compact adopted by the States of Comnecticub, Massachusetts, New Hampshire
and Vermont and approved on 6 Jume 1953, Public Law 52~»83_rd Congress.

Co. SELECTION OF SITE

3¢ Selection of Sites ~ Thers is an urgent need for additional ficod control
storage to afford the City of Keeme, Now Hompshire a reasonable degree of flood
protection, Keoene, one of the principal damage centers in the Connecticut River
Basin, is situaeted om the Ashuelot River where partial control is provided by Surry
Mountain Pems The Otber Brook site is the only feasible site for flood combrol
storage in the watershed of The Branch which enters the Ashuslot River at Keene.

Lo Alternate sites in the Commecticut River Basin were considered in prepa-
ration of the report submitted in 1940 (see Paragraph 5) and the report of the
New England-New York Inter-Agency Committee forwarded to the Chief of Engineers
in March 1955, The Otter Brook site wag among those with a favorable ratio of
benefits to costs and was recommended,

D, INVESTIGATIONS

5, Previous Investigations, = Otter Brook Dam was studied for the "308
Report"” (House Dooument No, 1412, 7hith Congress, 2nd Session) and for verious
later reports. It was first proposed for construection in a Review Report om
the Comnectiout River Basin dated 28 February 1940, This report, however, was
not sutmitted to Congregs and subhorization did not fellow. The projeckt was
included in a comprehemsive plan submitbed to the States in the Connectiocut
River Basin by the New England Division in 1947,

5




6+ Current Investigations, - Studies for the project plan utilized the basic
date obtained for the previous investigations. Hydrological studies were made to
review the recommended reservoir capeoity and to determine the spillwaey design
flood and outlet requirements, The Design Memorandum on Hydrology and Hydraulio
Analysis wes prepared and svbmitted in draft to secure approval of spillway design
flood and outlet requirements. Neocessary geologieal ard soils investigations of
foundation conditions &nd embankment materials were mades FPotentlal sources of
conorete aggregate in the viocinity of the site have been investigated and the ree
sults of previous tests revioweds Appraisals of lands and damages in the resere
voir and work areas have been made, Relocations of roads within the reservoir
have been discussed with State and City officlals and preliminary plans for ro-
locations have been prepared. The U, S, Burean of Public Roads was agked for
advice a3 to the meed for a bridge over the dam and advised that it is not de=
sirable or needed., The U, S, Publioc Health Service has been requested to report
on mosquito control requirements end the U, S, Fish and Wildlife Service has
investigated the fish and wildlife resources of the area. These reports will
be contained in the Design Memorandum on Ressrvoir Management. Studles have
been made of the recreational potentiamlities of the reservoir, Revised area-
capacity curves have been prepared from aerial photegrephle and plane table
surveys prepared on a scale of one inch equals 200 feet,

7o Fublic Hearingg, - The Corps of Engineers has not held public hearings
on the Otter Brook projeot.

8¢ The Subcormittee on Flood Control, Committee on Publ:lc Works of the Ue S,
House of Representaltives heard testimony regarding the prejoot during the course
of hearings on the 1954 Flood Control Omnibus bill, On May 19, 1954 the Honorable
Senator Robert D, Upton of New Hampshire; Congressman Norris Cotbton of New Hampshive:
Congressman Chester E, Merrow of New Hampshire; Mr. Philip Shutler, Director of Cone
neoticut River Flood Control Commissions Mr. Franic Merrill, Commissioner of Fublis
Works amd Highways, New Hampshire; Mr, Laurence Fo Pickett, Mayor of the City of
EKoene; Mr, Arthur Whikeomb, representing the Keene Chamber of Commerce and Mre Paniel
Eneguess, Executive Seore'bary of the Monadnock Region Association all requested
authorization of the project. Statements by the Honorable Styles Bridges, Semator
from New Hampshire and Mr, Carlson S, Sharpe, City Manager of Hartford, Conneoticut,
also resquested favorable consideration of the projects

9. A hearing was held by the Comneoticut River Flood Contrel Commission in
Keene, New Hampshire, on October 22, 1954, for the purpose of obtaining information
as to the desire of state and local interests for a permenent conservation pool as
a part of the project, Representatives of the City of Keene, The Monadnock Region
Association, The Society for Protection of New Hampshire Forests aml several indivie
duals urged that s permenent pool be provided.

B, LOCAL COOPERATION

10, Local Cooperation. = Loocal cooperation is mot required. All costs of
the project will be mebt with funds of the United States,



11, The State of New Hampshire through its Waber Resources Board has ex-
pressed its oconcurrence with the construction of Otbter Brook Dam and the project
is emong those included in the Comneoticut River Compact which provides for re
imbursement of tax losses and other economic losses in the upstream states by
the downstream beneficisries., The New Hampshire Department of Public Works and
Highways has postponed initietion of public works valued at $2,500,000 in an
affort to reduce relocation costs which would result from construction of the
pro ject and has also induced commercial enterprises not to build in the area,

F, LOCATION OF DAM AND TRIBUTARY AREA

12, Location of Dam apnd Reserwoir, = The proposed Otter Brook Dam and
Reservoir are located in southern New Hempshire at the easterly side of the
Connecticut River Basin. The dem site is located at mile 2.M on Obtter Brook
on ‘the boundary between the City of Keene (1950 population 15,638) and the Town
of Roxbury, (population 117) Cheshire County New Hampshire. The proposed resere
voir at full pool elevation 781 feet, mes.l., would exbend upstream from the dem
site 2.3 miles through Keene snd Roxbury. The locetion of the proposed dam and
reoservoir with respect to completed flood comtrol projects in the Connecticut
River Basin is shown on Plate No, l~l in the Design Memorandum on Hydrology
and lydreulic Analysise The project location is shown on Plate No, 5«1, the
vieinity mep on Plate No, 5-2 and the resexvoir map on Plate Ko, 5=3. An serial
mosaic showing the reservoir area and vieinity is included as Plate No. 5elie

13, Description of the Otter Brook Basgin, - The Otter Brook Watershed is

bounded on ‘the east by the Merrimeck River Wabtershed end on the north, west and
south by other parts of the Ashuelot River Watershed. The area tribubary to the
dam is roughly dismond=-shaped, about 12 miles long and with & maximum widbth of
75 miless The drainage area is rural with the exception of the small population
centers of East Sullivan, Munsonville and Nelson, The land is largely wooded
with steep slopes conducive to rapid runoff. A map of the drainage aree is shown
as Plate No, 1-2 in the Design Memorandum on Hydrology and Hydraulic Analysis.

G, RECOMMENDED PROJECT FPLAN

U, Recommended Project Plen, - The recommended project plan for the Otter
Brook Dam end Reservoir inoludes the construction of & rolled-fill earth dam 1268
feeot in length across the Otter Brook valley, outlet works founded on bedrock under
the damg & concrete ogee spillway in & chube or channel excavated in a natural
saddle in the right abutment; a ubility building; fire protection system and quarbers
for the operator consisbing of an exisbing dwelling located on the site. Ths project
requires relocation of portions of New Hampshire Route 9 and Branch Road, both in
the state highway system. The structures, improvements and relocations are dese
eribed in deteil in paragraphs 28 through 38, The various structures and topography
at the site are shown on Plate No, 5=5,

H. DEPARTURES FROM PROJECT DOCUMENT PLAN

15, Departures from Project Document Plan., = Obter Brook Reservoir was not
included in any approved survey reporbt. Consequently there are no departures
from a project document plan.




I, HYDBOLOGY

16, Spillway Design Flood, - For spillway design a storm was developed based
on the estimated maximum possible precipitation over the drainage area, The total
depth of rainfall over the basin above the dam site is 24,8 inches in 72 hourse
Losses including infiltration are asswmed at a maximunm rate of 0.2 inches for thrse
hours which nets & rainfall excess of 21,2 inches., The adopted spillway design
flood with a peak value of 38,000 c.fsses was constructed by applying the rainfall
oxcoss to a 3-hour unit hydrograph, Roubing the spillway design flood through
the reservoir, assuming an initially full pool at the spillway erest elevabion of
T81.0 feob, mosol,, resulted in a maximum surcharge olevation of 797.1 and a maxie
mum discharge of 34,500 cefes, as shown on Plate No, 1=15 in Design Memorandum
Noo le

17, Channel Capacitys. = Field investigations have determined that the channel
capacity of Ctter Brook below the dam site is approximately 1000 c.f.s, However,
the coperation of the proposed reserveoir will be limited t¢ the restricted channel
capacity of the Ashuelot River in Keene, New Hampshire, which is also approximately
1000 cofese bubt has & contribubing drainage area of 310 square miles,

180, Flood Control Outletss, = Release of the impounded flood waters will be
dependent upon the channel capacity of 1000 c.f.s. in the City of Keene, N.H. The
selected condult will discharge this amount with & pool elevetion of 725 feet, mcs.le
equivalent to 16 percent of the flood control storage., The discharge capacity of
800 cofese, with a pool elevation of 709.5 feet, messle, Will satisfy diversion
requirements, Reference is made to Plate No, 1-26, Outlet Rating Curves, in Desmgn
Memorendum Nos 1ls

19. Freeboarde = With the top of dem at elevation 802,0, a fresboard of 1169
feet above & maximum pool elevation of 797.1 Mes.ls is provided.

J GEOLOGY

20, Geologye. = Obbter Brook ocoupies & pre=glacial valley which has been
deeply filled with glecial outwash and till, The stream flows in & chamnel located
high on the western side of the old valley.

21, At the dam site, & bedrock spur projects from the valley wall to form the
right abutment of the proposed dem., The spur is exposed or is available at shallow
depth providing foundations for splllway and outlet structures. The bedrock is
mice schist with granitic phases and occasional granite dikes.

22, The thin overburden on the right abuitment consists of gravelly, silbty
sand and forest debris, On the left sbutment where the rock is deeply buried, the
overburden is glaciel till underlain by veriable deposits of oubwash materlalsa
In the valley bottom the overburden is varisble silby, gravelly sand. A shallow
leyer of silt occurs throughout the marrow flood plain on the easterly side of
the stream, A more complete description of the geology of the site is included
in the design memorandum on geology and soilge



K., ALTERNATE PLANS

23, Iype of Dame ~ No studies were made for elternebive types of dum, 4
concrete dam at this site would involve very expensive consbtruction in the sast
abutment, A rockfill dam would require expensive guarrying operations to develop
the necessary meterisls and the substitubtion of rockfill for earth embanlument
- would increase the cost owing to the considerable depth of overburden on the left
abutment

2. Location of Embaniment, - Initial studies, based on & preliminary survey,
indicated that minimum embaniment volume would be obtained by using & locetion about
500 feet upstream., Subsurface explorations were laid out on this basise. The borings
revealed that the bottom of the valley is filled with a deposit of sands and gravels
which would involve a cutoff and drainage problem. Additional borings were made to
more fully develep foundation conditions in the valley botbom, and the embanlkment
was located where the foundation is most suiteble, The survey of the site indicated
that the selected location results in the minimum embankwent volume. The various
embenkment locations studied varied from 500 feet upstream to 200 feet downstream
of the recommended aligmment., '

25+ Spillway., « In additlon to the ogee weir and chute spillway in the recom
mended project plan, studies were made for a side channel spillwey in the saddle
in the wesbterly sbubtment and for an ogee welr at the end of the dam. Studies were
also made for a chute spillway curving more rapldly toward the river., These al-
ternates were found to be more expensive than the recommended plen. The shallow
rock cuts of the recommended plan were also considered less conducive to slides
than the relatively deeper chammels of the side channel spillway,

26, Consideration wes also given to a higher spillway elevation in order %o
reduce the amount of rock excevation in the spillway chute by sboring & part of
the spillway design flood in the reservolr below spillway crests This wes not
feasible owing to the relatively small reservolr area at this site which resulted
in excessive inoreases in embankment volume, '

27s Spillway Length and Surcharge, = Studies were made to determine the
eoonomic spillwey length end suroharge, giving ocomsideration t¢ the cost of eme
bankment, outlet works, highway relocation and spillway rock excavation and weir
conerete, Spillway lengthesurcharge-cost curves were developed for spillwey lengths
varying from 300 feet, with ten feet surcharge as used for preliminery estimates,
to 120 feet with 18-foot surcharge. The most economical spillwey length was found
to be 145 feet with a corresponding surcharge of 16.1 feets It was also found that
.8 Pivewfoot spillway epproach depth, the minimum which would give good spillway
.discharge characteristica is the most economical,

L., DESCRIPTION OF PROPOSED STRUCTURES AND IMPROVEMENTS

‘28, Earth Dam. - The project plan provides for the construction of a rolledw
£ill earth dem 1280 feet long with a maximum height of 133 feet above the stream
bed at cemter line of dam, The top width of the dam will bs 25 feet, msccommodating



a paved eccess roade The top elevation is 802.0 mssele providing for 16,1 feet ~ :
of spillway surcharge and L.O feet of freeboarde The aligmnment of the dem is
curved to position the dem where the foundation is most favorable, to establish
the outlet works normal to the embankment centerline and approximstely parallel
to the riverbank and to abut the dam at the rock knob adjacent to the spillway
channel. The dam will be largely of homogeneous impervigus section with pervious
drainage blankets and rockfill on gravel bedding slope protection. Side slopes
on both upstream and downstream sides will be 1 vertical on 2% horizontal for
the full height except at the upsiream toe where the sleope will be 1 vertical

on & horizontal below Elevation 683, Embankment details are shown on Plate No.
b=5s Above elevation 683,0 the upstresm face will be protected by six feet of
rockfill on three feet of gravel bedding., The downatream face will be protected
by two feet of rockfill on three feet of gravel bedding., A rockfill toe faced
with large rocks, will be provided in the streem bed dowmsitream of the dam,
Specifications will also regquire large rocks adjacent to the retaining wall at
the intake,

29, Several conditions influenced the type and design of embankment. They
are (1) The availability of glacial +ill (predominately CL and SC) in deep deposits
close to the dem, (2) The relative scarcity and cost of pervious soils, (3) The
numerous cobbles and boulders in the available pervious meterial, (4) The relative-
1y large smount of rock available from excavations amd from boulders in the borrow
material and (5) The relatively pervious outwash materials in the valley bottom
and under the lefi abutment,

20+ The largely homogeneous section with pervious blankets wes adopted to
use the readily available impervious meterial with a minimum of the relatively
scarce pervious material. Provision will be made to vary the established thioke
ness of rock f£ill slope protection during construction in order that any excess
avallable rock may be used to best advantags in resisting erosion and improving
the stablility of the slopes. The thicknesses of gravel bedding end pervious
horizontel blankets were established to permit the use of li=foot lifts thus
allowing the use of boulders up to one foot in maximum slze in order to keep
the guantity of oversize boulders at a minimum. The relatively pervious outwash
materials under the dam required the provision of an upstream impervious blanket
and downstresm drainage trench to reduce and control seepage through the foundatione
A cut-off and exploration trench will be provided ab the centerline of dam %o per
mit inspection of the overburden and ‘the bedrock in the right abubtment, Depth
of the trench will be about five feet except in the wvalley botbtom where some of
the more pervious materials will be cut off. Crouting of the bedrock in the right _
abutment will be specified. However, provision will be mads for omission of groubing .
if no open Joints or badly fractured rock are encountered when the cut-off +tremch
is excaveted,

31ls Oubtlet Workse = a. General, = The oublet is located on the right bank
of the river and will be founded on bedrock. Details are shown on Plate No. 5=6,
The outlet works will consist of the inteake, with stop log fasilitles for mainte-
nance and emergency use in lieu of emergency gates; gate structure with three
2%=6" x 116" hydraulically operated slide gates and ocontrols; a 6'=0" diameter
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horseshoe shaped conduit approximately 5,0 feet long; stilling basin, rock bemnk
protection and service bridge. Consideration was given ‘to the use of rolled
girders and also plate girders in 2, 3, and L spans in lieu of the truss shown
on Plate Noo 5=~6. It was found that the truss is the most economical design.

be Intakes = The invert of the intake and the gate sill will be at
elevation 683, 12 feot above the originel streem bede The upstream end of the
intake chamnel will be nobched out of the rock and earth in the side of the river
benk. At the gate struoture the approach channel will be 2 feet in widthe On
one side will be a rebaining wall supporting the toe of the dam and on the other
will be & concrete facing on the excavated rock., A platform will be provided on
the upstresm side of the gate structure at elevetion 70l, The piers between gate
passagea will be slongated to provide & conservation weir discharging into the
centrel gate passege, The conservation weir, & regtangular bex formed by elone
gating the piers between the gates, will be provided with & tobal of fie stop
log opernings to permit flexible control of the permsrent conservation pool.
A six=inch low flow outlet through the conservetion weir will permit drawing
off the cooler water from the bottom of the pond during low flow periods,
Drainage of the pool to approximately elevation 683 can be accomplished, if
necessary, by using the two ocubside gates. No special provision will be made
for trash racks. Control of trash will be accomplished by construction of a
log boom, In the event trash racks are found necessary after the project is
placed in operation, trash racks may be placed in the stop log slots.

Se Gate Structure. - The gate structure will be of reinforced concrete
of the dry well type. It will be located at the upstream toe of the dam and
provided with a service bridge for eccesss Gabte cylinders will be located in a
25«foot diameter chamber, 20,5° high &t the botbtom of the structure. The upper
part of the structure will be 16wfoot inside diameter and 89.5% high, The above
dimensions are tentetive and subject to more detailed design. The chamber and
sylinder will be circular inside but the outside will be made octagonal, An
octagonal, concrete operating house will surmount the gate structure.

32, Gates and Operating Equipment, - Three 2% x LE foot slide gates with
811l elevation at 683,0 will be located in the base of the gate strusturse
HBydraulic oylinders will be locabted above and directly over the gates. Details
of the intake structure showing location of operating and auxiliary equipment
are showm on Plate No, 57,

%3, Spillwey. = The spillway will be located in a natural saddls in the
right abutment and separated from the dem by & rock knob which rises above the
elevation of top of dem. The exisbting saddle will be deepened and widened to
form the spillway chemnel, The weir will be a low concrete ogee section founded
on bedrock and 1,5 feet in length at spiliway crest elevation of 78l.0 mos.ls
The weir will have & height of five feet at the upstream face and aboubt six
feet at the downstream toe, The approach charmel will be excavated in rock
axnd earth to & width of 12,5 feet., Dowmstream of the weir the channel, also
in rook, will converge into a chube 60 feet wide which will extend about 850
feet from the weir at which point the rock ends, Barth overburden downstream
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of the chute will be excavated to slightly above stream bed elevation and used

in the dem, thus greatly reducing the amount of erosion and deposition down-
stream in the event of spillway discharge, Rock spoil will be placed on the left
bapgk of the brook, downstresm of the spillway chamel, to reduce bank erosion
during low to moderate spillway dischargess The concrete welr will end at the
rock in the sides of the spillwey chemnel without end walls or facing. However,
provisions will be made for placing a concrete lining at the ends of the weir

in the event the rock is found to be badly fractured or weathered when the channel
is exeavated,

3le Diversion Plan, ~ The plan of diversion is controlled by three basic
considerations (1) The necessity for en impervious blanket im the valley upstrean
of and under the upstream part of the dam (2) The exisbing blanket of silt and
organic material in the east side of the walley bobbom and (3) The savings in
cost of conduit, intake struchbure and service bridge resulting from raising the
zabe sill elevation above the stream bed level,  The plan of diversion provides
for the placement of all embankment materisls in the dry, except for & few yards
of rock fill, the processed gravel in the dowmstream drainage tremch and portions
of the upstresm impervious blanket. Operstions will be accomplished in sequence
as followsg h

(a) A first stage diversion channel will be excavated in the silt at
the left side of the wvalley bottom. The excavated silt will be placed upstreanm
of the dam to augment the existing natural silt blanket, TUnder the dem the silt
adjacent to the west side of the diversion channel will also be removed and &
small dikeof impervious embankment material will be placed to form the west bank
of the diversion channel. Material at the ends of the diversion chamel will
be excavated last so that the work of excavabtion may be prosecuted in areas free
of flowing water, :

{b) The present river chammel will be plugesd near the upstream end
of the diversion chamel to divert the river, A small temporary cofferdam will
ve placed immediately upstream of where the diversion chennel rejoins the river,

(o) The remaining silt between the diversion chapnel and the river will
then be stripped and placed in the old river chammel upstream of the dem to form
an impervious silt blanket,

(d) The impervious £ill will be placed to elevation 683,0 in the west
side of the cofferdam including the old river channel,

(e) Additional impervious £ill will be placed to form the remainder of
'bhe wost end of the emba.nlﬂnent sof ferdam,

(£) Rockfill slope protection will be placed on the lower porbion of

the west end of the embankment cofferdam omithing rockfill on that part of the
slope whore the diversion cofferdem is to be abubted.
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(g) At the beginning of the second comstruction season final diversion
will be accomplished by comstructing a diversion cofferdam, consisting of spoil
or random meterial, across the diversion chamnel from the upstresm face of the
east end of the incomplete embankment cofferdam to the east bank of the diversion
channel, This material will be dumped into flowing water during a period of low
or modsrate flow,

{h) As soon as diversion is effected the diversion channel will be
cleaned up, the east side of the embankment cofferdam foundation will be stripped,
the impervious blanket placed snd the embankment cofferdam completed to elevation
711,

(1) Upstresm of the dem the diversion chamel will be filled by dumping
spoll from Branch Road into the water to complete the upstream spoil blanket. The
downstream, btemporary cofferdam will be removed thus readying the site for the
main embankment operation,

Opsrations (a) through (f} are shown on Plate No, 5-9 and constitute the
first stage of the diversion plan. Operations (g) through (i) are shown om Plate
Noes 5«10 and constitute the second snd final diversion. The first stage will be
accomplished in the first construction season while the final diversion will be
offected following the spring runoff of the second construction season,

35 Administrative Facjlitiess =~ The planned Government edministrative facie
lities consist of a combination utility building and garage 32 feet wide by 65
feet longe The building will include office, toilet, storage, worlishop and garege
Pacilities for housing Govermment squipment. The standby unit will be located
in the Ttility Building. The Utility Building will be constructed immediately
after award of the ocontract so thet it may serve as the Govermment field office
during construction.

36, Housing Facilities, = The minimum housing facilities considered essential
for this installation are living quarters for the dambender. The location of the
dambtender's residence in the vicinity of the dam is necessary due to the frequent
need to operate gates on short notice at any hour of the day or night; to afford
frequent observation of rainfall and reservoir gtages; to facilitate communication
during emergencies and to minimize vandalism of Government property. The housing
facilities will consist of an exisbing seven-room house with oil heat and hot
water, It will be necessary to install hardwood flooring and possibly meke some
other Improvements or minor repairs,

37. This house is presently utilized as & summer camp or "rebreat" and its
value as such will be largely destroyed by the proximity of the dam, ¥No housing
will be provided for the assistant dambtender or other help employed at the dam.
The dambtender will be provided with a& garage for his personal auto either by
moving an existbing garage ascguired with the land acguisition for the reservoir
or by new consbtruction.
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380 Reserwoir Clearing, -~ It is planned to clear the portion of the reservoir

below elevation 703, two feot above the top of the conservation pool. The area at
this elevation is approximately 76 acres of which about 30 acres are woodeds Due

to the relatively amall area, reservoir clearing will be included in the ocontract

for construction of the dam.

- 39, Utilities. =~ &, Power, = A single phase 2 wire, 2300 volt electric distria
bution line extends along Peg Shop Road through the site, Three phase 2300 volt
power is available in Keene at the cormer of Roxbury Street and North and South
Lincoln Streets at a distance of 1.8 miles, The existing line will be reconstructed
to provide % phase open Y 240 volt service at the site, Details of connsctions and
services on Government property will be given inm the detailed design memorandum on
the outlet works, There will be no cash requirement for this work bub a guarantee
of a minimam monthly charge of approximetely $75,00 for a periocd of five years will
be required,

b Polephone, = Telephone service is availeble at the sites If necessary,
one or two additionmal circuits may be added to provide service to the Government
field office and contractor.

co Water, - Small quanbtities of waber for domestic purposes may be obtained
from the existing wells at the site, Nearest city water is at the intersection of
Branch Road and Roxbury Roasd, a distance of 0.8 miles. Water for inecreasing the
molgture content of the embankment may be obtained from Obber Brook. This water
will also be tesbed for use in mixing concrete, The well presently serving the
proposed operator's quarters will provide water for the ubility buildings Water
to protect Government property from fire will be obtained by comstructing a small
combination pump and hose house adjacent to the stilling basin. The fire pump will
provide 250 gpm at 50 pounds pressure or 500 gpm at 10 pounds pressure at a hydrant
to be located between the opsrator’s gquarters and ubiliby building, Consideration
will also be given to grading the impervious borrow ares to form 2 high level storage
pond in lieu of providing the fire pump adjacent to the stilling basin.

M. ACCESS ROADS AWD RAILROAD FACILITIES

Loo Highways, = The site is located on Branch Road, en 18-foot paved road
which follows Obtter Brook between Route 101 and Route 9. DBranch Road originates
209 miles southeast of Keene where it leaves Roube 101 and extends northerly 2.3
miles to the site. The site may also be reached from Keene vie Peg Shop Road, a
distance of 2,7 miles over steep, winding paved roads or northeasterly from Keene
via Roube 9 and southerly vis Branch Road,.

Lls TUpon completion of relocetions, recomstructed Route 9 will be ad jacent
to the dam and will serve as the main access road,

42, Railroad Pacilities. = The Boston and Maine Railroad serves Keene, which
is the nearest railroad station. OSeveral sidings have ample capecity for delivery
of materials and equipment. Ramps are available at soms of the sidings, but therse
are no other unloading facilities, At Joslin there are two small sidings, & private-
ly owned cement hopper and a spur track which is in poor condition.
e’
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N, VIENS OF CONSULTANTS

L3, Consultants, - Otter Brook Dem is a relstively simple structure. There
were no design problems which warranted the use of oubside comsulting engineesrs
and geologists. Consultations were held with specialists from the office of the
Chief of Engineers and their views are reflected in the project plan,

0. SOURCES OF CONSTRUCTION MATERIALS

Lli. Materials for Earth Embenlkment and Blanket, - A substantial portion of
the material for earth embankment will come from the spillway excavation., It is
expocted that this excavation will be worked in the early stages of embankment
construction, An ample amount of additional embankment material is obtainable
from Borrow Area "C" located above the east abutment of the dam. Use of these
matorials in the later stages of the dsm construction will reduce the amount of
haul required down the steep easterly abutment, Matberials for the bdlanket up=
stream of the dam will be obtained from the stripping, supplemented if necessary,
from borrow sources. On completion of borrow excavations, the borrow area will
be rough graded but will not be topsoiled or otherwise surfaceds A screen of
troes, 100 feet in width, will be left undisturbed between the borrow area and
Relocated Route 9.

L5, Materiels for Pervious Fill emd Gravel Bedding. - Limited quantities
of gravel for pervious blankets and gravel bedding are available above the water
table in Borrow Areas "A" and "D" in the reservoir., Additional materials can
be developed below the water table or by excavating the bed of Obtter Brook and
lowering the water tables

6. Materials for Rockfill, - Ample guantities of rock will be available
from required excavation and as boulders from borrow excavation. Requirements
will be adjusted to ubilize all available rock,

_ 47. Concrete Aggregates, = a, Genmeral. - The quantity of concrete required
in the construction of spillway and outlet works structures is 5,000-6,000 ceye
With this relatively small quantity, aggregate investigations have been limited
to commercial sources within a 25.mile radius of the site.

b, Nearby Sources. = The nearest commercial source of concrete aggregates
is the Arthur Whitecomb Company, Swanzey, New Hampshire. This company processes
sand and gravel from several pits located at a maximum haul distance of six miles
from the site, and also operates a transit mix service 3% miles from the site.
In 1948 apggregates from this source were used in the oconstruction of Edward MeDowell
Dam at West Peterboro, New Hampshire, Additional tests of this source are underway.

8o Other Sources. - There are no other commercial aggregale sources in
the near vicinity of the site. The nearest other commercial source, the Northfiield
Sand and Gravel Company, Northfield, Massachusetts is located about 25 miles from
the dem site. Aggregates from this source were tested in 1947 by the Waterways
Experiment Station and were used in 1948 in the construction of Tully Dam, Athol,
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Massachugsetts, Check evaluation tests ars being performed on stockpiled materials
from this source. More complete information on concrete aggregates is included
in Design Memorandum No. 3, Geology and Soilss Design Memorandum No. Ly, Conerete
Materials, will be prepared when testing is compleits,

P, RESERVOIR MANAGEMENT AND PUBLIC USE

L8, Existing Reoreation Facilities in the Region, - The recreation industry
is the largest producer of revenue in the State of New Hampshire. The major portion
of the recreation facilities in the state has been developed by private interests,
However, there are extensive developments in several of the State Parks,

L9, The reservoir area is located in the Monadnock region of southwestern
Now Hampshire. The dam site is aboub 15 miles easterly of the Vermont line atb
the Comnecticut River, and the same distance north ol the Massachusetts line,
In this location, the site is adjacent to major tourist routes from the south
and west to the lake and mountain vacation centers of the state, There are many
small lakes and ponds in the region but few are awailable for public use, There
are three state parks within 20 niles of the reservoir area, but facilities are
limited to cemping, hiking, and pionicking, It is understood that public faci-
lities are also to be developed at Lake Spofford about 10 miles west of the projects

50, Recreational Resources of the Project. = The reservoir area has the shape
of a cone with the tip at the dam. The open. lands are confined to the valley bottom
and have a maximum width of about 600 feet at the upper end of the reservoir, The
sides of the reservoir are generally steep and heavily wooded. The water quality
is good and suitable for swimming. The natural resources of the project area lend
themselves to day use, such as plonicking, fishing and swimming.

51, Contacts with State and Local Officials, - State and local officials
have discussed the possibility of a permenent pool &% the dam, principally for
local use, The need for such fecilities in the area has been emphasized by
several organized groups.

52, Potential Recreational Achbivities, ~ A permanent pool, 70 acres in
surface area, will be mainbained at elevation 701l without appreciable increased
cost of the project. The development of facilities such as bath houses and picnic
areas would be provided by others under & long term license, The prospective
licensee, either the City of Keene or the Siate of New Hampshire, will be deter=
mined in the near future, Details of the proposed development will be included
in the Design Memorandum on Reservoir Menagement,

Qe REAL ESTATE REQUIREMENTIS

53¢ Guide Taking Line, = a, General. = The scquisition of land will be in
general conformance with oriterie conbained in multiple letter from the Chief of
Engineers, ENGWD = ENGKL, dated 12 October 1953, Subject: "Real Estate Land Acqui-
sition Policy for Civil Wbrks Projects".
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be Land to be Acquired in Fee Simple. « Current criteria provide for
the use of the S-year flood elevation as the basis for determining the amount
of land for which the fee simple title will be acguired. The stage frsguency
curve given on Plate No, 1-20 of the Design Memorandum on Hydrology and Hydraulic
Apalysis shows that the reservoir will reach elsvation 75l on an average of once
in five years, In order to allow for irregularities in survey work and frequency
determination, the five~ysar frequency elevation was rounded off to 755, It is
recommended that elevation 755 be used as the guide taking line for fee simple
acquisition, Fee simple acguisition is also recommended for the work and borrow
areas, right-of-way for highway relocation arml the very stesp and narrow strip
of land on the east side of the reservoir between the 755 contour and the re-
located highway,

5he Flowage Easements. - The real estate policy provides that the flowage
eesement guide taking line be based on the "project design flood", No project
design flood hes been developed for Otter Brook Reservoir, Storage requirements
wore debermined on the basis of a comparison with requirements at other reserw
. voirs and from studies of probable operation during several major floods. This
procedure iz in accord with ourrent approved practice as indicated in paragraph
1-07 of Civil Engineer Bulletin No, 52.8, "Standard Project Flood Determinations”,
In lieu of basing easemsnt limits on a project design flood it is recommended
that easement limits be based on the spillway design floode This recommendation
is based on the following factors:

(1) There are no existing improvements between the spillway crest at
elevation 781 and meximum surcharge at approximately elevation 797,

(2) A reasonable allowance for induced surcharge would have o be
made. This would be at least five feet, or to elevation 786,

{3) The lend area from elevation 786 to elevation 797 is not great,
only about L8 acres with an estimated value of about $2,000,

(L) Interest has been expressed in developing cottage sites in the
aree around the reservoir overlooking the permenent pool. Such cottages could
be expected o bhe located as close to the water as possible. This type of de=
velopment within the surcharge range would create & hazard and interfere with
maximum flexibility of reservoir operation, Damege payments, in the event
even & few cotbeges were so construchted and subsequently flooded, would greatly
excaed the present value of the land or the cost of flowage easements thereon,

55. Real Property Taking Line, = In establishing the real property taking
line, the guide combtour teking line was modified to conform to sound real estate
practices, Tract boundaries were followed where possible or tracts divided so
as to permit fubture economic use thereby eliminating severance damages as far
as possibles, A complete report of the real estate reguirements is included in
the Real Estate Memorandum,
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56, Lend Requirementse -

Egtate _ Aoreage
Fee Simple Title L1 =
Flowage easements & easemen® for
Stream Bank Protechtion is2

# Includes 52 acres for jhighway relocations,

R, RELOCATIONS

57+ Highway Relocations, = A& single highway relocetion will be required.
It will have a length of 2.9 miles and will replace parts of three separate
roads having & botal length of 3.2 miles within the work and reservoir areas,
The highway relocation will provide a replacement for Branch Road and ultimately
will form part of a Route 9 bypass around Keene, The State of New Illampshire
will accomplish the relocetion and will provide a portion of the necessary funds
for the work. These highway relocabions and local roads to be discontinued will
be desoribed in detail in Design Memorandum No. 6, Relocations,

58 Ubtility Relocations. -~ Bxisting telephone end power lines along Roube
9, having a length of 1,3 miles will be reloocated outside the reservoir, The
relocated length, including a reservoir crossing, will be 1.6 mileg, Distri-
bution lines dead ending within the reservoir will be removed., The existing
powsy and telephone lines crossing the work ares will be reconstructed and will
provide service to the dam. Complebe details will be inocluded in Design Nemow
randum Nos 6, Relocationse

S, COST ESTIMATES

59, Cost Estimates, - The total estimated cost of the projeet is $§l4,800,000
which is the same as the latest approved estimete. A summary of the cost of the
various fembures of the work described in this design memorandum is given in
Table I, Breakdown estimates are given in Table II, starting on Page 25. The
increase in cost of Lands and Dameges is dus to additional improvements con-
structed since preparation of the original estimate and inclusion of flowage
easements on lands within the increased surcharge range, The increased cost
of reolocationg is the result of price level changes. Reductions in cost of
the dam and assoclated feabures result from modifications made in the plans
during the design studiess
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TABLE I

SUMMAEEﬁOF FEDERAL COSTS
(1955 Price Level)

ENR Construction~-Cost Index 660 {1913 = 100)

Project Festure Cost
Leands snd Damages % 23,000
Relocations 492,000
Reservoir 514000
Dan (including embenkment, spillway, and outlet works) 3,258,000
Roads 50,000
Buildings, grounds and utilities 9l;, 000
Permanent operating eguipment : 20,000
Engineering snd Design 300,000
Supervision and Administration . 530,000

Total estimeted project cost $l1,800,000

T. SCHEDULES FOR DESIGN AND CONSTRUCTION

60. Design. = Design of the outlet works and remaining portions of other
features of the dem and appurtenances, and preparation of contract plans and
specifications are scheduled for fiscal year 1956, Design and preparation of
contract plans and specifications for the Route 9 relcocation will be accomplished
by the Vew empshire Department of Public Works under an egreement. Cost of
design is estimated at $160,000 including $15,000. for preparation of highway
plans. ‘ o EE : .

6l, Construction, - It is estimated thet two full comstruction seasons will
be reguired for construction of the project with closure of the channel commencing
in the spring of the second season,

62, Contingent on the availability of the necessary funds, construction of
the dam and appurtenances will be accomplished under a single conbinuing contracht
to be awarded in fiscal year 1957, During the 1957 construction season the cone
tractor will construct the outlet conduit, stilling basin and lower part of the
intake structure, He will also construct the utility building which will be
used as the government fleld office and parts of the cofferdam and embankment
forming stege 1 of the diversion plan {See paragraph 3l)s Such cther work as
clearing and stripping the dam site, preparabion of borrow areas, grading for
access axd hasul roads and any other work not combingent upon embankmeni cone
struction may alsc be accomplished in the first season.
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63, During the 1958 construction season, the contractor will construct
the diversion cofferdem, embankment cofferdem and the dem embankment. Work
on the intake structure will continue, Part of the embankment f£ill and rock
fill slope protection will be obtained from the spillway excavaetion., ZLate
in the season the service bridge and concreote spillway weir will be comstructed.

64, Highway relocation will be accomplished during the first construction
sesson under an agreement with the New Hampshire State Department of Publice
Works which will administer the contract,

65, BSeparate contracts for utility relocetion and for modernizetion of
ocperatorts quarters will be awarded in Fiscal Years 1967 and 1958, respectively.

66, Funds Required, = The construction schedule is based on the assumption
that initial consbruction funds will be made available for the project on 1 August
1956, Accordingly, it is estimated that funds will be required by fiscal years
approxzmately as followss .

Fiscal , _ Construction Schedule
Year Amount Required
1956 $ 160,000 {plamning)
1967 1, 300, 000
1958 1, 740,000
1969 1,500,000
Subtotel § ~Z,700,000
Mlotted to dete (advence planning) 100,000
Total - $ 4,800,000

U, RESERVOIR REGULATION

67, Repulation for Flood Conbtrol, -~ Under the plan of operation, ths normal
gate setting will be with the two outside gates closed and the centrel gate open.
This plan will afford eutomatic retarding action in the event of a flash flood
or mechanical failure affecting the operatioxn of the getes., For minor floods
this automatic operation will provide adequebs flood control. During moderate
or large floods, the gates will be opersted as necessery to secure maximum stege
reductions at downstresm damage centers. A small opening will be left to provide
e flow of water to maintain fish life in Otter Brook downstreem of the dem,

68, Regulation of Otter Brook Reservoir in conjunction with the existing
Surry Mountsin Reservoir for the flood of September 1938 {flood of rscord), that
of March 1936, snd e Standard Project Flood for Keene, New Hampshire, is described
in detail in Design Memorsndum No, 1, Hydrology and Hydraulic Analysis,
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69, Regulation of Conservation Pocl, = Regulation of the conservation pool
will be accomplished by means of the conservation weir with stop logs at gp-
proximately Elevation 701,0 supplemented by e 6~inch low flow outlet for fishery
purposes, If winter conditions meke it necessery, some of the stop logs will
be removed so that the central gate may be submerged. Relesses will be control~
led by operating the gates, The low flow outlet will provide e discharge capacity
of 4,5 c.fese with the pool at Elevation 701,0.

V., OPERATION AND MAINTENANCE

70. Plen of Reservoir Operation., - The Otter Brook Reservoir will be operated
for the control of flioods both in the Ashuelot River Basin and as & umit in the
comp rehensive plan for flood control in the Connecticut River Basin. In addition,
the conservetion pool will have recreationsl value. Operation of the outlet works
will be under the supervision of the Engineering Division of the New England Divi=-
sion, .

7L, During flood emergencies, the following conditions will govern the regu=-
lation of the resservoir: '

8, When the predicted stags of the Ashuelot River at Keene, N,.H, ex~
coeds 472,5 feet elevation {Local Datum),

b, When the predicted stage of the Connecticut River at Montegue City,
Massachusetis exceeds & stage of 28 feet, (Appxoximately 108,000 6,.£.80)0

72, Maintenance., = The dem and appurtenant structures will be maintained and
operated by & staff consisting of a resident damtender (Wage Board Grade 13}, an
assistent damtender (Wege Board Grade 8), and 1 or 2 part-time employees, Main-
tenance will be based on regular, detailed inspection of the entire works, ine
cluding ell operations necessary to preserve the structures., The staffl will be
under the general supervision of the Operstions Division of the New England Division.

73, Annusl Charges. = Annual cherges given in Table III on the following page
have been computed as outlined in Paregraph 4202,18 of Orders and Regulations using
an economic life of B0 years for the project, The salvage value of the land, ex-

. clusive of improvements thereon, is based on 40 dollars per acre for the land to
be teken in fee, The sbove valus is based on the estimated cost of woodlend lots
which is the least expensive type of land in the reservoir aresa. )
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TABLE IiI

ANNUAL CHARGES

FEDERAL INVESTMENT:

Total First Cost ' $L,800,000
Interest during Comstruction (% the 2-year period) 120,000
Gross Investment %E,QE0,000

Less Salvage of Land 14,000
Net Investment ' : $L,906,000

ANNUAL, FEDERAL CHARGES:

Interest on Gross Investment at 23% $ 123,000
Anmortizetion of Gross Investment, 50 years at
24% 50,300
Maintenance and Operation, including Overhead 20,000
Interim Replacements : 15950
Total Federal Annual Charges $ 195,250

NON-FEDERAL ANNUAL CHARGES:

Tax Loss on Land 3 150
Total Annual Charges $ 196,000

W, PUBLIC HEALTH INSECT CONTROL

The General Conditions, = Based on experience with other reservoirs con-
structed in New England it appears that malaria is not at present a significent
health problem in this locality. There are few houses within one mile of the
reservoir area, However, the flat slopes at the upper end of the comservation
poel might be conducive to the propagation of vegetation and mosquitoes, It
is expected thaet this area will be used as a source for the pervious borrows
Specifiocations for use of the borrow aree will reguire that it be graded to
gteepen the flat beaches in the conssrvation poole.

75, A detailed report of the Us S Public Health Service will be included
in the Design Memorandum on Reservoir Managment. '

X, FISH AND WIiDLIFE RESQURCES

764 Fish and Wildlife Resources. ~ According to informetion received from
the U, S, Fish end Wildlife Service, there will probably be some over=all benefit
to figh and wildlifes The low flow outlet will draw water to maintain minimum
flows of lik cefese from the cooler levels of the reservoire. This will benmefit a
significant segment of stresm below the dam and improve the reach as trout habitat,
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The Fish and Wildlife Service stresses the desirability of the L cafese minimum
flow. Protection of the bank across from the spillway will also improve the
stream for trout, N

77, Fish and Geme interests are also considering establishment of a rainbow
trout fishery in the permenent pool. They have advised that the loss of geme-
habitat due to flooding is relatively minor. A detailed report of the Fish end
Wildlife Service will be included in the Design Memorandum on Reservoir Mansgement,

Y. HYDROPOWER

78, Hydropower, = The Flood Control Act of 19564, under which the project is
authorized, provides "That penstocks snd other similar facilities, adapted to pose
8ible future use in the development of hydroelectric power shall be installed in
any dam suthorized in this act for construction by the Department of the Army when
spproved by the Seoretary of the Amy on the recommondation of the Chief of Enginesrs
and the Federal Power Commission®™, As a result of studies made for the New England=-
New York Inter=Agency Committee by the Corps of Engineers and the Federal Power Come~
mission, it was found thet no modifications in the project plen will be necessary
to provide for the fubture development of hydroelestric power,

79, The Federal Power Commission has subsequently developed 2 plen for the
utilization of the water resources of the Ashuelot River Basin which includes the
proposed Otter Brook Reservoir without strustural changes, The letter from the
Federal Powsr Commission dated June 16, 195656 and outlining the plan with a copy of
attachment entitled, "Possible Future Power, Otter Brook Project™, is reproduced
following Teble II (page 28) of this memorandum, One foot should be added to the
conservation pool elevations indicated in the letter, The indicated fubure flood
control storage at the proposed Bllis Reservoir amounts to 2,9 inches on the 14
squere mile drainege area, The proposed usage would not reduce the effectiveness
of the Otter Brook storage, ‘

Z, BENEFITS

80, Benefits. = a. The project is an essential unit in the comprehensive
plan for flood control in the Connecticut River Basin, The camprehensive plan pro-
vides for construction of both locel protective works end reservoirs. Losal pro-~
tective works have been constructed at 10 localities but these works are subjeot to
failure in major floods unless flood heights are reduced by upstream storage. The
upstream storage which has been provided by the construstion of the five existiag
reservoirs is inadequate ‘to assure the necessary high degree of flood protection,

be Many industries are concentrated in the towns and cities along the
Connecticut River and their outpubt is of major importance in the nationel and re~ .
gional economy end to the national defense, In case of a major flood, many of these
industries would be seriously affected by flooding, loss of “transportation, loss of
communiocations and, in some instences, loss of electric power,

e3



6o The Otter Brook Beservoir would provide flood reduotions at the major
damage centers on the Comnectiout River, In addition, it will provide urgently
needed flood protection at Keene, New Bampshire to augment the partial protestion
provided by the existing Surry Mountain Reservoir,.

81, Avera_59 Annual Benefits,.

Type Jmount
Reduotion of flood damsge $ 190,000
Increased utilization of property 40,000

Total $ 230,000

82, Benefit-Cost Ratio, = The annual oost, as shown in Paregraph 75, is
$196,000, The ratic of benefits to costs is 1,2,
AL, RECOMMENDATION
83, Recommendation. = It is recommended that the projeot plen submitted in

this report be spproved as the basis for the preparation of contract plans for
the Otter Brook Project. '
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TABLE I1

DETALLED COST ESTIMATE
(1955 Price Level)
ENR Construction=Cost Index 660 {1913 = 100)

_ Unit
Description Quantity Unit Price - Amount
Preparation of site {24 Ac) L.S. _Jdb o 25,000
Reservoir clearing L.S,  dob 25,000
Diversion and care of water L.S. Job 50,000
Common Excavation = Generel 225,000  C.Y, 0,95 213, 750
Common Excavation ~ Borrow :

Areas "C" and “E¥ ' -~ 781,000 C.Y, 0.85 663,850
Common Excavation - Borrow :

Arees “A™ and D" 83,000 C.Y, 0,90 74, 700
Common Excavaetion = Trgnch ' 10,200 C.Yo 2,75 28,060
Rock Excavation = General 98,000 .  C.Y, 4026 - 395,250
Mucking of Overbreak . _ 14,800 C.Y, 0,75 - 11,100
Rock Excavation = Trench , &0 C.Y, 7,10 385
Drilling in Rook or Concrete 1,800 L.F, 2,50 4,750
Rolled Embenkment 767,000 .7, 0,40 306,800
Pervious Fill | ' - 59,000 C.Y, | 0n46 23,800
Gravel Bedding : ' 57?000 C.Y. 0,45 25,6580
Additional Rolling 10,000 Square 0,03 300
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Descrigtion
Rock Fill

Processed Gravel
.Semiwoampaoted Random Fill
Unelessified Highway Fill
Gravel for Roads

Compasted Backfill

‘Cobble Gubtter

Corrugated Metal Pipe = 12 inch
Topsoil.

Mulohing (2 T./Acre)
Seeding

Portland Cement

Steel Reinforcement
Anchor Bars

Conorete in Outlet Works

Conerete in Spillway Weir

TABLE I1 (Continued)

Concrete in Road and Bridge Structures 240 C.Y.

Conorete Backfill
Grout
Copper Water Stops

3teel Water Stops

Unit
Quantity. Unit Price
81,000 C.Y,  0.80
500  C.Y¥. 2,50
7,500  C.Y. 0,35
3,500  CoY¥. 0045
3,000  C.Y, 2,00
1,400 C.Y. 2,20
300  8g.Yde 9,00
220 L.F. 4,00
2,600 ¢,¥, 1,00

8,0. Ton 50,

4,0  As, 600,
7,000  Bbl. 5,35
327,000  Lb, 0,15

310. Ee, 15,
3,300  C.Y. 85,00
720  C.Y. 55,00
95,00
1,400 C¢.Y. 15,00

L.8. dob

1,000  Lb, 2,50
1,000  Lb, 0,85
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Jmount
64,800
1,250
2,625
1,575
6,000
3,080
2,700
880
2,600
400
2,400
37,450
49,080
4,650
280, 500
39,600
22,800
21,000
12,000
2,500

850



TABLE II {Continued)

Description
Rub:ber Water Stops

Intake Structure = Superstructure
and Appurtenances

Miscellanoous Iron end Stesl
Structural Steel in Serviece Bridge
Miscellaneous Structural Steel
Miscellaneous‘Blaok»Steel Pipe
Structural Aluminum

Interior Electrigal System
Exterior Electric Syétem

Hydreunlic Gates end Accessories
Gate Hydraulis System

Hoating System for Inteke Structure
Float Well and Accessories
Monorail Hoist

Alr Vent Piping

Operstors Quarters -

Garage

Utility Building = Field Office
Gasoline=Electric Standby Unit
Fire Protective System

Chain Link Fencing

Unit
Quantity Unit Price
1,000 Lbe 2075
L.S. Job
20,000 Lb, 0.85
49,000 Lb, 0,35
600 Lb, 0,85
500 Lb, 0,79
700 Lb, 6,00
L.S. dJdob
L.S, Job
L.S, dob
L.S. dob
L.S, Job
L.S, Job
L.S, Jdob
L.3, dJob
L.S, Job
L.S, Job
L.S5. Job
L.S. Job
L.S; Job
2,800 L.F. 5,00

Amount

2,750

20,000
17,000
17,150
510
395
4,200
30,000
15,000
50,000
17,000
2,000
5,500
1,500
3,300
19, 600
800
40,000
8,500
8,000

8,400



TABLE II €Continued)

: Unit

Desoription Quantity’ Unit Price
Cattle Fenoing 1,200 L.F, 2,00
Cable Guard Reil 8,100 L.F. 1.60
Curbing 150 L.F. 3,00
Tile CGages o L.S. Job
Flag Pole L.S. Job
Pore Pressure Measuring Devices L.8, =  Job
Log Boom L.S. Job
Bituminous Macadam Road Surface 7,400 8.Y. 1.40
Removing abandoned road Surface 1,000 3.Y. 0,16

Stream Gaging Stetion L.S. Job
Miscellaneous #* ' ﬂ.S. Job
DAM AND APPURTENANRCES

Contingencies 256%

Supervision and Administration
TQTAL CONSTRUCTION COST
RELQ_CATI ONS 492,000

Supervision and Administration _ 40,000
TOTAL RELOCATIONS
LANDS AND DAMAGES

Sub=total

ENGINEERING AND DESIGN

TOTAL FEDERAL COST

$

Amount
2,400
8,160
460
3,500
1,500
15,000
5,000
10, 360
160
10,000
20,000
2, 755,000
689,000
290,000

&, 754,000

532,000
254,000
4,500,000

300,000
4,800,000

* Includes electric and telephone wires o site, and miscellaneous

operating equipment,"
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FEDERAL POWER COMMISSION

REGIONAL OFFICE
139 CENTRE STREET, NEW YORK 13, N, Y.

June 16, 1955

The Division Engineer

Corps of Engineers, U. Se Army
New England Division

857 Commonwealth Avenue

Boston 15, Massachusetts

Subject: Otter Brook Project
Connecticut River Basin

Dear Sir:

Reference is made to your letter dated November 19, 1954
and subsequent correspondence concerning the proposed Otter Brook
Flood Control Project on which a Definite Project Report ls currently
being prepared in your office. In response to your request for our
comments with respect to the installation of penstocks or similar
facilities adapted to possible future development of hydroelectric
power at the project, our office has made studies of the proposed
project in combination with other potential sites in the Ashuelot
River basine. Presented herein are our conclusions with respect to
possible future power development at the Otter Brook Project and
at other potential sites which appear to merit future consideration
for flood control, power development and congservation storage in the
Ashuelot River basine

*he Otter Brook Prgjgct

The Otter Brook Project, authorized by the Flood Control
Act of 1954 as a part of the comprehensive flood control plan for
the Connecticut River basin will be located on Otter Brook, near
Keene, New Hampshire. It will provide 18,000 acre-feet of reservoir
storage capacity to control the flood runoff from 47 square miles of
drainage area above the dame The combination of the existing Surry
Mountaln reservoir and the proposed Otter Brook and Honey Hill reser=
volr projects will constitute the flood control program on the
Ashuelot Rivers The dam will be constructed of earth fill with un-
gated. spillway and a six-foot diameter flood control outlete. The
Otter Brook Project has been included in the report of the New England-
New York Inter-Agency Committee for flood control only. Studies for



The District Engineer 5 June 16, 1955

possible future power and storage at the project were made in connection
with the NENYIAC survey, but the results were negatives Your letter

of reference expresses the opinion that the proposed Otier Brook dam
should be constructed without provision for future hydroelectric power
at the site and without regulation storage for downsiream power projects.

Studies by the Commission Staff

Several possibilities for development of power on Otter Brook
‘were considered in conjunction with the proposed flood control projecte
In order to develop any dependable power at the site, power storage
would be essentiale This could be provided by increasing the height
of dam about 20 feete Our studies indicate that the cost of enlarging
the regervoir would preclude the economic developmen‘b of power at the
present t:l.me or in the future, :

Further study was made of possible futura power development
in the Ashuelot Basin and the relation of Otter Brook to such developw-
mente Dam and reservoir sites which have been studied by the New
Hampshire Water Resources Board and by the Commission staff for river
~ regulation, flood control, and power include the following: Aslmelot
- Pond, Stillwater, Bald Hill, Surry Mountain, Ellis Reservoir, Ottex
Brook, Beaver Brook, East Swanzey (Honey Hill), and Hinsdale, Surry
¥ountain reservoir has been constructed for flood conmtrolj Otter Brook
is authorized for construction; and Honey Hill is included in the
anthorized flood control plans

Of the above-mentlioned potential sites, a combimtion of :
Bald Hill, Ellis Reservoir, Hinsdale and Otter Brook appears to provide
a suitable plan for the utilization of the water resources of the
Ashuelot River basine The plan would provide additional storage of
52,000 acre-feets installed capacity of 40,000 kilowatts capable of
generating in the average year aboud 80,000,000 kilowatt-hours; and
increase in the low flow of the Ashuelot River at Hinsdale by 120 cfs.
As part of this plan the Ellis Reservoir would provide a regulated flow
sufficient for the operation of a future power installation of 4,000
kilowatts at the Otter Brook dam under a gross head of 230 feete The
conservation pool would be raised from elevation 700 to elevation 720 ‘
and the encroachment on flood control capacity would be compensated for
by equivalent flood control capacity at the Ellis Reservoire The use ‘
of the dam for future power would involve either using the flood control
outlet as a power penstock with a discharge valve which would be operated
for flood control purposes when required, or by future construction of
a gix-foot diameter tumel under the right abutment of the dam. The
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attached 'ska'ﬁch shows the above plan for possible future power and
storage on Otter Brook. The attached tabulation shows potential
powar projects in the Ashuelot River basin.

Conclusions

Based on the results of our studies, it is ooncluded that
no modifications would be required in the plans for initial construce
tion of the COtter Brook Project in order to provide for the possible
future development of its power potential, estimated at about 4,000
kilowatts. '

Very truly yours,

De Jo Wait -
. Regional Engineer

Attachments



Potentlal Fower Pro,jects'
Ashuelot River Basin
(Tontative plan related to Otter Brook Project)

. Drainsge  Powsr  Power Pool  Installed  Average Annual
Project Areg H Flevation C i Enen,
(Sq. mi,) (Feet) - Exwi | Em§

Ellis 14 - 1,265 -

. Otter Brook 47 - 230 720 4,000 8,000,000
Bald Hill . 87 278 788 © 16,000 22,000, 000
‘Hinadale 410 160 395 20,000 50,000,000

Total | 40,000 80,000,000

Reservolr Storgze Available

‘PbrSor pod Stor
(Lore-faet? | (Anre—feeti

Bllis ' 10,000 - 4,000
Otter Brook ' : - Pondage . 15,000
Bald Hill . : 36,000 ' 10,000
Surry Mouatain | Pondage 28,000 (Existing 32,500)
Hinsdale : Po 8 * None
‘Total B 46,000 : 6,000 (increment)

o Downgkream Power P)ants
Plang ' . Gross Operatinz Head (Feet)

Enfield 32
Holyoke _ 52
Terners Falls 61
Hingdale 180

Total . 30B
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Strip remainder of embankment coffer
dam area and place spoil to tillriver channels.
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